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Mobile Communications System 

Cross Reference to related application 

This application is a continuation of 
International Application No. PCT/ JP99/ 0 53 8 9 , which 
was filed on September 30, 1999. 

Background of the Invention 
Field of the Invention 

The present invention relates to a mobile 
communications system with hand-off control, and in 
particular, relates to a CDMA mobile communications 
system with hand-off control. 

Description of the Related Art 

In a mobile communications system, usually, a 
communications area is divided into many wireless 
communications areas, each called a "cell", and base 
stations are provided in each area. Then, a mobile 
station is accommodated in one of the base stations 
in the communications area, and is connected to another 
communications terminal through the base station. 

Fig . 1 shows the configuration of a general mobile 
communications system. In this specification, a CDMA 
mobile communications system, which has recently been 
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spread, is used as an example. 

In each cell, a base station device (BTS : base 
station transceiver subsystem) is provided. The base 
station device can simultaneously accommodate a 
plurality of mobile stations (MS) , and 
transmits /receives radio data to/ from a mobile station. 
Each base station device is accommodated in a base 
station controller (BSC) . 

The base station controller accommodates a 
plurality of base station devices and controls them. 
The base station controller is also connected to a 
mobile services switching center (MSC) and 
transmits/receives data to/from it, as requested. The 
mobile services switching center is connected to 
another switching center and a public switched 
telephone network (PSTN) is composed of the plurality 
of switching centers. 

In- a CDMA mobile communications system, a 
different spread code is assigned to each mobile station 
Then, data that are encoded using the spread code and 
transmitted between a mobile station and a base station 
device . 

A mobile station often moves from one cell to 
another cell while communicating with another 
communications terminal. A transition from a state 
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where a mobile station is accommodated in a base station 
device into a state where the mobile station is 
accommodated in another base station device, when the 
mobile station moves from a cell to another cell, is 
called "hand-off" (or "hand-over") . 

A hand-off operation is largely classified into 
two categories : a "soft hand-off" anda "hardhand-of f " . 
In the soft hand-off, even when moving from one cell 
to another cell, a mobile station is always connected 
to at least one base station device. Therefore, in 
the soft hand-off, a channel between the mobile station 
and base station device is never disconnected, and, 
accordingly, communications are never interrupted. 
In the system shown in Fig. 1, the soft hand-off occurs, 
if a mobile station moves between cells that are 
controlled by the same base station controller and if 
the same frequency can be allocated. 

In the hard hand-off, when moving from one cell 
to another cell, the mobile station is temporarily 
disconnected from the base station device and then is 
connected to another base station device . In this case, 
synchronization must be established again between the 
mobile station and the base station device. Thus, 
in the hard hand-off, a channel between a mobile station 
and a base station device is temporarily disconnected 
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and, accordingly, communications are interrupted. 
Therefore, a user is of ten disconcerted . In the system 
shown in Fig. 1, the hard hand-off occurs when a mobile 
stationmoves between cells each of which is controlled 
by a different base station controller . In other words, 
the hard hand-off occurs when a mobile station crosses 
an "accommodation boundary". The hard hand-off also 
occurs when a mobile station moves between cells, to 
each of which a different frequency is allocated. 

Fig. 2 shows the configuration of the existing 
mobile communications system, and the configuration 
covers the vicinity of a boundary between areas each 
of which is controlled by a different base station 
controller. In this example, a base station 
controller 1 (BSC#1) accommodates base station devices 
11 ( BTS #A) and 12 ( BTS #B ) , and a base station controller 
2 (BSC#2) accommodates a base station device 13 (BTS#C) . 
Here, it is assumed that the base station devices 11 
through 13 control the cell-a through cell-c, 
respectively, and the same radio frequency is allocated 
to all of the cells. 

If a mobile station moves from cell-a to cell-b, 
or from cell-b to cell-a, a soft hand-off occurs since 
both the base station devices 11 ( BTS #A) and 12 ( BTS #B ) 
are accommodated in the base station controller 1 
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(BSC#1) . However, if the mobile station moves from 
cell-b to cell-a or from cell-c to cell-b, a hard 
hand-off occurs since each of the base station devices 
12 (BTS#B) and 13 (BTS#C) is accommodated in a different 
base station controller. 

Therefore, if as shown in Fig. 3, the mobile 
station moves back and forth between cell-b and cell-c 
several times while communicating, many hard hand-of f s 
occur, and the user will be disconcerted and feel 
unassured . 

As described above, in the existing mobile 
communications system, a hard hand-off is easy to occur 
in the vicinity of a boundary between particular 
communications areas, and a user feels uncomfortable. 

Summary of the Invention 

An object of the present invention is to reduce 
the occurrence of hard hand-offs in a mobile 
communications system. 

In the mobile communications system of the 
present invention, first and second freguencies are 
allocated to each wireless communications area. The 
mobile communications system comprises a first base 
station device provided in a first wireless 
communication area, a second base station device 
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provided in a second wireless communications area, a 
third base station device provided in a third wireless 
communications area adjacent to the first and second 
wireless communications areas, a first controller for 
accommodating the first base station device and 
managing communications conducted using the first 
frequency by the third base station device and a second 
controller for accommodating the second base station 
device andmanaging communications conducted using the 
second frequency by the third base station device. 

In the mobile communications system, the first 
controller controls both the first and third base 
station devices. Thus, when the mobile station moves 
between the first and third wireless communications 
areas, a soft hand-off occurs. Similarly, the second 
controller controls both the second and third base 
station devices. Thus, when the mobile station moves 
between the second and third wireless communications 
areas, a soft hand-off occurs. 

The mobile communications system in another 
aspect of the present invention comprises a first base 
station device provided in a first wireless 
communications area to which at least a first frequency 
is allocated, a second base station device provided 
in a second wireless communications area to which at 
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least a second frequency is allocated, a third base 
station device provided in a third wireless 
communications area that is adjacent to the first and 
second wireless communications areas and to which the 
first and second frequencies are allocated, a first 
controller for accommodating the first base station 
device and managing communications conducted using the 
first frequency by the third base station device and 
a second controller for accommodating the second base 
station device and managing communications conducted 
using the second frequency by the third base station 
device . 

In the mobile communications system of this 
aspect, when a mobile station moves between the first 
and second wireless communications areas or between 
the second and third wireless communications areas, 
a soft hand-off occurs for the reason described above. 

The system in another aspect of the present 
invention comprises a first base station for conducting 
wireless communications using at least a first 
frequency, a second base station for conducting 
wireless communications using at least a second 
frequency different from the first frequency, a third 
base station which is adjacent to the first and second 
base stations and which conducts wireless 
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communications using at least the first and second 
frequencies, a first base station controller for 
managing the first frequency used at least in the first 
and third base stations and a second base station 
5 controller for managing the second frequency used at 

least in the second and third base stations . The first 
and second base station controllers further comprise 
controlling means for allocating the same frequency 
if there is a hand-off between base stations controlled 
10 by the corresponding base station controllers. 

In this system, for example, the first and second 
base station controllers can also comprise instructing 
means for instructing said first base station to use 
the first frequency when there is a hand-off from said 
15 third base station to said first base station, and 

instructing said second base station to use the second 
frequency when there is a hand-off from said third base 
station to said second base station. 

The base station of the present invention is 
20 adjacent to a base station using a plurality of 

frequencies and uses at least one of the frequencies 
shared with the base station. The base station device 
comprises controlling means for performing a soft 
hand-off process if there is a hand-off from this base 
25 station to the adjacent base station when the shared 
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frequency is used, and performing a hard hand-off 
process using the shared frequency if there is a 
hand-off f romadj acent base station to this base station 
when a frequency other than the shared frequency is 
used in the adjacent base station. 

The base station in another aspect of the present 
invention is adjacent to at least first and second base 
stations . The base station comprises a first wireless 
unit using a part or all of frequencies used by the 
first base station as a first shared frequency; a second 
wireless unit using a part or all of frequencies used 
by the secondbase station as a second shared frequency; 
and controlling means for performing a soft hand-off 
using the first shared frequency if there is a hand-off 
from the first base station to this base station when 
the first shared frequency is used, performing a soft 
hand-off using the second shared frequency if there 
is a hand-off from the second base station to this base 
station when the second frequency is used, performing 
a hard hand-off process for switching the frequency 
from the second shared frequency to the first shared 
frequency if there is a hand-off from this base station 
to the first base station when the second shared 
frequency is used, and performing a hard hand-off 
process for switching the frequency from the first 
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shared frequency to the shared second frequency if there 
is a hand-off from this base station to the second base 
station when the first shared frequency is used. 

The base station controller of the present 
invention is connected to a plurality of base stations 
and performs with priority a soft hand-off if there 
is a hand-off between the connected base stations, and 
communications conducted before and after the hand-off 
is controlled by this base station controller. The 
base station controller comprises controlling means 
for controlling, for at least one of the plurality of 
base stations, only communications conducted using a 
part of frequencies used by the at least one of the 
plurality of base stations, and allocating one of the 
part of the frequencies if there is a hand-off when 
a mobile station using a frequency that is not 
controlled by this base station controller in the at 
least one of the plurality of base stations moves to 
an area controlled by another base station to which 
this base station controller is connected. 

Brief Description of Drawings 

Fig . 1 shows the configuration of a general mobile 
communications system. 

Fig. 2 shows the configuration of the existing 



mobile communications system. 

Fig. 3 shows the problems of the existing mobile 
communications system. 

Fig . 4 shows the basic configuration of the mobile 
5 communications system of the embodiment. 

Fig. 5 shows the hand-off operation in the mobile 
communications system of the embodiment. 

Fig. 6 is a flowchart showing the hand-off 
operation of the embodiment. 
10 Fig. 7 is a flowchart showing the hand-off 

operation in the existing mobile communications 
system . 

Fig. 8 is a flowchart showing another hand-off 
operation of the embodiment. 
15 Fig. 9 shows a hand-off operation in the mobile 

communications system of the embodiment. 

Fig. 10 is a sequence chart showing a hand-off 
operation . 

Figs. 11A and 11B show the effect of the mobile 
20 communications system in the embodiment. Fig. 11A 

shows a hand-off operation in the existing mobile 
communications system and Fig. 11B shows a hand-off 
operation in the mobile communications of the 
embodiment . 

25 Fig. 12 shows an example in which a base station 



device is accommodated in a base station controller 
through a logical path. 

Fig. 13 shows a configuration of a base station 
device provided in a boundary cell. 
5 Fig. 14 shows another configuration of a base 

station device provided in a boundary cell. 

Fig. 15 shows the configuration and operation 
of a base station controller that accommodates a base 
station device provided in a boundary cell. 
10 Fig. 16 shows the configuration of the mobile 

communications system in another aspect of the present 
invention . 

Fig. 17 shows a system in which three or more 
cells are adjacent to one another. 

15 

Description of the Preferred Embodiments 

The embodiments of the present invention are 
described below. 

The entire configuration of the mobile 
20 communications system in this embodiment is basically 

the same as that of the existing mobile communications 
system shown in Fig. 1. Specifically, a base station 
device (BTS) is provided for each cell, and each base 
station device is controlled by a base station 
25 controller (BSC). Then, each base station controller 
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is accommodated in a mobile services switching center 
(MSC) . However, in the mobile communications system 
of this embodiment, a hand-off operation in the vicinity 
of a boundary between communications areas, each of 
5 which is controlled by a different base station 

controller, is different from that of the existing 
mobile communications system. 

Fig . 4 shows the basic configuration of the mobile 
communications system in the embodiment and in 
10 particular shows the configuration in the vicinity of 

a boundary between communications areas each of which 
is controlled by a different base station controller. 
Specifically, Fig. 4 shows the configuration in the 
vicinity of a boundary between a communications area 
15 controlled by a base station controller (BSCttl) 21 and 

a communications area controlled by a base station 
controller (BSC#2) 22. 

In this mobile communications system, two 
frequencies (RF#1 and RF#2 ) are allocated to each cell . 
20 General cells 41 and 42 are ordinary cells . Aboundary 

cell 43 is a cell located in a boundary area between 
a communications area controlled by the base station 
controller 21 and a communications area control led. by 
the base station controller 22. If the general cells 
25 41 and 42 already overlap, a base station device (BTS) 
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33 can be provided in such a way to cover the overlapped 
area . 

Abase station device ( BTS #A) 31 and abase station 
device ( BTS #B ) 32 are provided in the general cells 
41 and 42, respectively. The base station device 31 
is accommodated in the base station controller 21 and 
transmits/receives radio data to/ f rom a mobile station 
located in the general cell 41 using the frequency RF#1 
or RF#2. The base station device 32 is accommodated 
in the base station controller 22 and 
transmits/receives radio data to/ from a mobile station 
located in the general cell 42 using the frequency RF#1 
or RF#2. 

The base station device (BTS#3) 33 is provided 
in the boundary cell 43. The base station device 33 
is accommodated in both the base station controllers 
21 and 22. Specifically, among communications in 
which the base station device 33 is participated, 
communications conducted using the frequency RF #1 is 
managed by the base station controllers 21, and 
communications conducted using the frequency RF #2 is 
managed by the base station controllers 22. In other 
words, the base station device 33 transmits/receives 
radio data using the frequency RF#1 to/from a mobile 
station located in the boundary cell 43 under the 
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control of the base station controller 21, and 
transmits/receives radio data using the frequency RF#2 
to/from a mobile station located in the boundary cell 
43 under the control of the base station controller 
5 22 . 

As described above, in the mobile communications 
system of the embodiment, a base station device provided 
in a general cell is accommodated in one corresponding 
base station controller, while a base station device 

10 provided in a boundary cell is accommodated in a 

plurality of base station controllers. 

Fig. 5 shows a hand-off operation in the mobile 
communications system of the embodiment. Here a 
hand-off operation in the case where a mobile station 

15 moves in the vicinity of a boundary between areas, each 

of which is controlled by a different base station 
controller, specifically in the case where a mobile 
station moves between a general cell and a boundary 
cell . A hand-off operation in the case where a mobile 

20 station moves between general cells is the same as that 

of the conventional mobile communications system. 

In Fig. 5, physical transmission lines are 
provided between the base station device 31 and the 
base station controller 21, between the base station 

25 device 32 and the base station controller 22, between 
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the base station device 33 and the base station control 
21, and between the base station device 33 and the base 
station controller 22, respectively. For the physical 
transmission lines, for example , an opt ical fiber cable 
5 or a metallic cable and the like are used. Physical 

transmission lines are also provided between the mobile 
services switching center 51 and each of the base 
station controllers 21 and 22. The physical 
transmission line canbe replacedby radio transmission 
10 path. An arrow symbol with (1) through (6) and an arrow 

symbol with (11) through (13) indicate the travel tracks 
of a mobile station. 

As shown in Fig. 5, it is assumed that a mobile 
station is located in the general cell 42 and 
15 accommodated in the base station device 32 using 

frequency RF#2 (state (1)). Then, when this mobile 
station moves up to an overlapped area between the 
general cell 42 and the boundary cell 43, a hand-off 
occurs (state (2) ) . This hand-off is switching from 
20 a channel using the frequency RF#2 in the general cell 

42 to a channel using the frequency RF#2 in the boundary 
cell 43. Here, among communications in which the base 
station device 33 is participated, communications 
conducted using the frequency RF #2 is managed by the 
25 base station controller 22. Specifically, the base 
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station controller 22 controls communications 
conducted before and after the hand-off, and the same 
frequency is used in both the communications. 
Therefore, this hand-off is a soft hand-off without 
5 channel disconnection. Then, this mobile station is 

accommodated by the base station device 33 (state (3)). 
In this communication, the frequency RF#2 is still used. 

Then, when this mobile station moves up to an 
overlapped area between the boundary cell 43 and the 

10 general cell 41, a hand-off occurs again (states (4) 

and (5) ) . This hand-off is switching from a channel 
using the frequency RF#2 in the boundary cell 43 to 
a channel using a frequency RF#1 in the general cell 
41. Here, the base station controller 22 controls the 

15 communications conducted before the hand-off, while 

the base station controller 21 controls the 
communications conducted after the hand-off. 
Therefore, this hand-off is a hard hand-off. Then, 
this mobile station is accommodated by the base station 

20 device 31 (state (6)). In this communication, the 

frequency RF#1 is used. 

When a mobile station using the frequency RF#2 
in the general cell 41 moves up to an overlapped area 
between the general cell 41 and the boundary cell 43, 

25 a hand-off from a channel using the frequency RF#2 in 



:i ODB'O *3T? '7' :,. D ETE! J3L O *E! 
18 

the general cell 41 to a channel using the frequency 
RF#2 in the boundary cell occurs (state (12) ) . In this 
case, since a different base station controller 
performs control of each of the channels before and 
5 after the hand-off, a hard hand-off occurs. 

As described above, in the mobile communications 
system, if a mobile station moves from a general cell 
to a boundary cell, the mobile station uses the same 
frequency used in the general cell before a hand-off 
10 in the destination boundary cell . I f a mobile station 

moves from a boundary cell to a general cell, in the 
example shown in Fig. 5, in the destination general 
cell, the mobile station uses a frequency different 
from the frequency used in the boundary cell before 
15 a hand-off. However, even if a mobile station moves 

from a boundary cell to a general cell, in the 
destination general cell, the mobile station sometimes 
uses the same frequency as that used in a boundary cell 
before a hand-off. A method for determining a radio 
20 frequency to be used in a destination cell of a mobile 

station after a hand-off is described below. 

Fig. 6 is a flowchart showing the hand-off 
operation of the embodiment . An "general state" means 
a state where a mobile station communicates with another 
25 communications terminal in the mobile communications 
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system of the embodiment . When a mobile station moves 
to the vicinity of a boundary between cells while 
holding communications, processes in and after step 
SI are performed. 
5 In step SI, a hand-off process is started. 

Specifically, when a mobile station moves to the 
vicinity of a boundary be tween eel Is , the mobile station 
transmits a hand-off request to a base station device 
that accommodates the mobile station. Then, on 
10 receipt of this request, the base station device 

notifies a base station controller that accommodates 
the base station device of the request. 

In step S2, the destination cell is detected. 
The base station controller that receives the request 
15 recognizes this destination cell . Since the processes 

in steps SI and S2 are also performed in the existing 
mobile communications system, the detailed 
description is omitted here. 

Inst ep S3, itis j udged whether the mobile station 
20 moves from a boundary cell to its adjacent cell or from 

a general cell to its adjacent cell. Information 
indicating whether acellisa general cell or a boundary 
cell is registered in a base station controller. 

If the mobile station moves from a boundary cell 
25 to its adjacent cell, in step S4, it is judged whether 
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a base station controller that manages communications 
in which a frequency used by the mobile station in the 
boundary cell is used and a base station controller 
that manages the destination cell are the same. If 
5 these two base station controllers are different, the 

flow proceeds to step S5. In step S5, a channel with 
a frequency different from that currently used by the 
mobile station is obtained in the destination cell of 
the mobile station. Alternatively, a channel with a 

10 frequency that can be shared by the base station devices 

in the source cell and the destination cell, and that 
is managed by the base station controller of the 
destination cell, is obtained. 

If the mobile station moves from a general cell 

15 to its adjacent cell (in step S3 : No) or if the two 

base station controllers are the same (in step S4 : 
Yes), the flow proceeds to step S6. In step S6, a 
channel using the same frequency as that currently used 
by the mobile station is obtained in the destination 

20 cell of the mobile station. 

In step S7, a hand-off instruction is issued to 
the mobile station. This hand-off instruction 
includes information about the frequency of the channel 
obtained in steps S5 or S6. Then, the mobile station 

25 is connected to a base station device provided in the 
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destination cell, according to the hand-off 
instruction. Then, the mobile station is accommodated 
in the base station device of the destination cell. 

The characteristic point of the hand-off 
operation of this embodiment is the steps S3 through 
S6. Specifically, as shown in Fig. 7, in the existing 
mobile communications system, when a hand-off 
operation is started and a destination eel 1 is detected, 
a channel to be used in the destination cell is simply 
obtained regardless of whether the mobile station 
crosses the boundary of communications areas 
controlled by a base station controller (step Sll) . 
In the existing system, there is no concept that cells 
should be categorized into general cells and boundary 
cells . 

In addition, as shown in Fig. 2, in the 
conventional mobile communications system, a hard 
hand-off is always performed regardless of a used 
frequency if a mobile station moves between cell-b and 
cell-c on a boundary between areas each of which is 
controlled by a different BSC. Thus, a hard hand-off 
frequently occurs in the specific area (a boundary 
between areas each of which is controlled by a different 
BSC) . 

However, in the mobile communications system of 
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this embodiment, when a mobile station moves between 
general cells controlled by the same base station 
controller, a soft hand-off with the allocation of the 
same frequency is performed, and when the mobile station 
5 moves from a general cell to a boundary cell, a hand-off 

with the allocation of the same frequency is performed. 
This operation provides the following effects. 

Specifically, according to this frequency 
allocation, a soft or hard hand-off is performed 

10 depending on a used frequency, when a mobile station 

moves between a general cell 41 and a boundary cell 
43 (BSC boundary (1)), or when the mobile station moves 
between a general cell 42 and a boundary cell 43 (BSC 
boundary (2) ) , in Fig. 4 . If RF#1 is used in a general 

15 cell 41 (if RF#2 is used in a general cell 42) , a hard 

hand-off is not performed even when the mobile station 
crosses back and forth across the BSC boundary (1) (BSC 
boundary (2)) . Therefore, the occurrence of hard 
hand-offs in the specific area (BSC boundaries (1) and 

20 (2)) can be reduced compared with that of the 

conventional system, and there will be no area where 
a hard hand-off frequent ly occur , such as between cell-b 
and cell-c in Fig. 3. 

This control can be obtained by performing the 

25 process shown in the flowchart of Fig. 8. The flowchart 
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shown in Fig. 8 can be obtained by replacing steps S3 
through S6 in the flowchart of Fig. 6 with steps S3a, 
S5aandS6a. In step S3a, it is judged whether a mobile 
station moves from a general cell to its adjacent cell. 
5 If the mobile station does not move from a general cell 

to its adjacent cell, in step S5a, an empty channel 
is obtained . If the mobile station moves from a general 
cell to its adjacent cell, in step S6a, a channel with 
the same frequency is obtained. 

10 Alternatively, RF#3 and RF#4 can also be further 

allocated to the general cells 41 and 42, respectively. 
In this case, the frequencies (RF#1 and RF#2) used in 
the adjacent general cells 41 and 42 can be allocated 
to the boundary cell 43, as shown in Fig. 5. It is 

15 preferable to allocate all the frequencies allocated 

to the adjacent cells 41 and 42. Specifically, RF#1 
through RF#4 are allocated to the boundary cell 43. 
Simultaneously, BSC 21 controls RF #1 and RF #3, and 
BSC 22 controls RF#2 and RF#4 . In this case, each BSC 

20 allocates the same frequency as that used in a general 

cell to a mobile station, when the mobile station moves 
from the general cell to the boundary cell. 

Next, the hand-off operation of this embodiment 
is described in detail with reference to Figs. 9 and 

25 10. In Fig. 9, an arrow symbol with (11) through (18) 



indicates the travel track of a mobile station. In 
this example, the mobile station moves back and forth 
between the general cell 41 and boundary cell 43 . The 
sequence in Fig. 10 shows the operations of both base 
5 station devices and base station controllers in the 

case where a mobile station moves along a route from 
(11) through (18) shown in Fig. 9. 

A mobile station (MS) is located in the general 
cell 41 and is accommodated in the base station device 

10 31 (state 11) . Here, the mobile station is connected 

to the base station device 31 through a channel with 
a frequency RF#2 . 

When the mobile station moves up to an overlapped 
area between the general cell 41 and the boundary cell 

15 43 while holding communications, the mobile station 

transmits a hand-off request to the base station device 
31 that accommodates the mobile station. This 
movement is detected by the value of the receiving 
electric field intensity of a pilot signal transmitted 

20 from BTS 33 and the like. On receipt of this hand-off 

request, the base station device 31 notifies a base 
station controller 21 that accommodates the base 
station device 31, of the request. 

On receipt of the hand-off request, the base 

25 station controller 21 performs steps S2 through S4 shown 
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in Fig. 6. Here, since the mobile station moves from 
a general cell to a boundary cell, "No" is obtained 
in step S3. Then, "a frequency RF#2 is used in the 
boundary cell 43" is obtained in step S6. 
5 The base station controller 21 refers to a base 

station management table and judges whether the base 
station controller 21 itself controls communications 
conducted using the frequency RF#2 in the boundary cell 
43. In the example shown in Fig. 9, a base station 

10 controller 22 controls the communications conducted 

using the frequency RF #2 in the boundary cell 43. 
Therefore, the base station controller 21 transmits 
a hand-off request to the base station controller 22. 
This hand-off request includes information indicating 

15 that "a frequency RF#2 is used in the boundary cell 

4 3" . 

A variety of information is exchanged between 
base station controllers through the mobile services 
switching center 51. The base station management 
20 table is described later. 

On receipt of the hand-off request, the base 
station controller 22 returns a hand-off instruction 
to the base station controller 21. This hand-off 
instruction includes information indicating that "a 
25 frequency RF#2 is used in a boundary cell 43". Then, 
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the base station controller 21 notifies the mobile 
station of the hand-off instruction through the base 
station device 31. When the base station controller 
22 generates the hand-off instruction, the base station 
5 device 33 secures a channel with the frequency RF#2, 

for this mobile station. 

The mobile station is connected to the base 
station device 33 provided in the boundary cell 43 using 
the frequency RF#2 according to the received hand-off 
10 instruction. Thus, the hand-off operation is 

terminated. 

Communications of the mobile station is 
controlled by the base station controller 21 before 
the hand-off, while the communication is controlled 

15 by the base station controller 22 after the hand-off. 

For this reason, communications between the mobile 
station and a base station device is temporarily 
disconnected. In other words , when the mobile station 
moves from the general cell 41 to the boundary 43 (11 

20 through 13), a hard hand-off occurs. 

After this hand-off, the mobile station is 
accommodated in the base station device 33 (statel3) . 
While being located in the boundary cell 43, the mobile 
station uses the frequency RF#2 . 

25 Then, when moving up to an over lapped area between 
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the boundary cell 43 and the general cell 41 while 
holding communications, the mobile station transmits 
a hand-off request to the base station device 33 that 
accommodates the mobile station. On receipt of this 
5 hand-off request , the base station device 33 recogni zes 

that the mobile station uses the frequency RF#2 and 
notifies the base station controller 22 of the hand-off 
request . 

On receipt of the hand-off request, the base 

10 station controller 22 performs steps S2 through S4 in 

Fig. 6. Here, since the mobile station moves from a 
boundary cell to a general cell, "Yes" is obtained in 
step S3. On the other hand, communications conducted 
using the frequency RF #2 in the boundary cell 43 is 

15 controlled by the base station controller 22 . However, 

the base station device 31 provided in the general cell 
41 is accommodated in the base station controller 21. 
Therefore, "No" is obtained in step S4. As a result, 
"a frequency RF#1 is used in the general cell 41", is 

20 obtained in step S5. 

The base station controller 22 transmits a 
hand-off request to the base station controller 21 that 
accommodates the base station device 31 provided in 
a destination cell of the mobile station. This 

25 hand-off request includes information indication that 
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"a frequency RF#1 is used in a general cell 41". 

On receipt of the hand-off request, the base 
station controller 21 returns a hand-off instruction 
to the base station controller 22. This hand-off 
5 instruction includes information indicating that "a 

frequency RF#1 is used in a general cell 41". Then, 
the base station controller 22 notifies the mobile 
station of the hand-off instruction through the base 
station device 33. 

10 The mobile station is connected to the base 

station device 31 provided in the general cell 41 using 
the frequency RF#1, according to the received hand-off 
instruction. Thus, the hand-off operation is 
terminated. Then, the mobile station continues the 

15 communications conducted using the frequency RF#1. 

In the hand-off operation, communications of the 
mobile station is controlled by the base station 
controller 22 before the hand-off, while the 
communication is controlled by the base station 

20 controller 21 after the hand-off. For this reason, 

communications between the mobile station and a base 
station device is also temporarily disconnected . That 
is, when the mobile station moves from the boundary 
cell 43 to the general cell 41 (13 through 15) , a hard 

25 hand-off occurs. 
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Then, when moving up to the overlapped area 
between the general cell 41 and boundary cell 43 while 
holding communications again, the mobile station 
transmits a hand-off request to the base station device 
5 31 again. On receipt o f the hand-o f f request , the base 

station device 31 notifies the base station controller 
21 of the request as in the case described above. 

On receipt of this hand-off request, the base 
station controller 21 performs steps S 2 through S 4 shown 

10 in Fig. 6 again. As in the case described above, "No" 

is obtained in step S3. However, at this time, the 
mobile station uses the frequency RF#1 . Therefore, 
"a frequency RF#1 is used in the boundary cell 43" is 
obtained in step S6. 

15 Then, the base station controller 21 judges 

whether the base station controller 21 itself controls 
communications conducted using the frequency RF#1 in 
the boundary cell 43. In the example shown in Fig. 
9, the communications conducted using the frequency 

20 RF#1 in the boundary cell 43 is controlled by the base 

station controller 21. Thus, the base station 
controller 21 processes the hand-off request without 
transmitting/receiving information to/from the base 
station controller 22 and generates a hand-off 

25 instruction by itself. This hand-off instruction 
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includes information indicating that "a frequency RF#1 
is used in a boundary cell 43". 

The base station controller 21 notifies the 
mobile station of this hand-off instruction through 
5 the base station device 31. Then, the mobile station 

is connected to the base station device 33 provided 
in the boundary cell 33 using the frequency RF#1, 
according to the received hand-off instruction . Then, 
the hand-off operation is terminated. 

10 In this hand-off operation, a base station 

controller to control the communication of a mobile 
station before and after the hand-off is unchanged, 
and a frequency used between the mobile station and 
a corresponding base station device before and after 

15 the hand-off is unchanged. Therefore, there is no 

disconnection in communications between the mobile 
station and base station devices. That is, when the 
mobile station moves from the general cell 41 to the 
boundary cell 43 (15-17), a soft hand-off is performed. 

20 Then, when moving up to the overlapped area 

between the boundary cell 43 and general cell 41 again 
while holding communications, the mobile station 
transmits a hand-off request to the base station device 
33 . When recognizing that the mobile station uses the 

25 frequency RF#1 at this point, the base station device 
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33 notifies the base station controller 21 of the 
hand-off request. 

On receipt of the hand-off request, the base 
station controller 21 performs steps S2 through S4 shown 
5 in Fig. 6. In this case, "Yes" is obtained in step 

S3, as described above. However, communications 
conducted using the frequency RF#1 in the boundary cell 
43 is controlled by the base station controller 21. 
For this reason, "Yes" is obtained in step S4. 

10 Specifically, "a frequency RF#1 is used in a general 

cell 41", is obtained in step S6. 

Then, since the communications conducted using 
the frequency RF#1 in the boundary cell 43 is controlled 
by the base station controller 21, the base station 

15 controller 21 processes the hand-off request without 

transmitting/receiving information to/from the base 
station controller 22 and generates a hand-off 
instruction byitself. This hand-off request includes 
information indicating that "a frequency RF#1 is used 

20 in a general cell 41". 

The base station controller 21 notifies the 
mobile station of this hand-off instruction through 
the base station device 33. Then, the mobile station 
is connected to the base station device 31 provided 

25 in the general cell 41 using the frequency RF#1 
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according to the received hand-off instruction . Then, 
the hand-off operation is terminated. 

In this hand-off operation, a base station 
controller to control the communication of a mobile 
5 station before and after the hand-off is unchanged, 

and a frequency used between the mobile station and 
a corresponding base station device before and after 
the hand-off is unchanged. Therefore, there is no 
disconnection in communications between the mobile 

10 station and base station devices. That is, when the 

mobile station moves from the boundary cell 43 to the 
general cell 41 (17-18) , a soft hand-off is performed. 

Then, if the mobile station moves back and forth 
between the general cell 41 and boundary cell 43, a 

15 soft hand-off is always performed. That is, when the 

mobile station moves from the general cell 41 to the 
boundary cell 4 3, a soft hand-off is performed according 
to the process-A shown in Fig. 10. When the mobile 
station moves from the boundary cell 43 to general cell 

20 41, a soft hand-off is performed according to the 

proces s-B . 

In the example shown in Figs. 9 and 10, it is 
assumed that a frequency RF#2 is initially used in the 
general cell 41. However, if a frequency RF#1 is 
25 initially used in the general cell 41, the hand-off 
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operation starts from the process-A shown in Fig. 10. 
In this case, when the mobile station moves between 
the general cell 41 and boundary cell 43, there is no 
hard hand-off, and a soft hand-off is always performed. 
5 In the example described above, a case where a 

mobile station moves between the general cell 41 and 
boundary cell 43 is described. However, when the 
mobile station moves between the general cell 42 and 
boundary cell 43, similarly, the occurrence frequency 
10 of hard hand-offs can also be reduced. 

Figs. 11A and 11B show the effects of the mobile 
communications system of the embodiment. Fig. 11A 
shows a hand-off in the existing mobile communications 
system. Fig. 11B shows a hand-off in the mobile 
15 communications system of the embodiment. 

In the existing mobile communications system, 
each of base station devices provided in a corresponding 
cell is accommodated in one base station controller. 
In Fig. 11A, for example, a base station device BTS #A 
2 0 is accommodated only inabasestation controller BSC#A, 

and a base station device BTS #B is accommodated only 
in a base station controller BSC#B. For this reason, 
as shown in FIG. 11A, when a mobile station moves back 
and forth between the cell-a and cell-b, in a case where 
25 a base station device provided in cell-a and a base 



station device provided in cell-b are controlled by 
different base station controllers, a hard hand-off 
is repeated. 

However, in the mobile communications system of 
5 the embodiment, when a mobile station moves back and 

forth between a general unit and a boundary cell, as 
described with reference to Figs. 9 and 10, at most 
only two hard hand-of fs occur, and then soft hand-of f s 
are performed. Therefore, even if the mobile station 

10 repeatedly moves back and forth between the general 

cell 41 and the boundary cell 43 in Fig. 11B, at most 
only two hard hand-offs occur. 

As described above, in the mobile communications 
system of this embodiment, even if a mobile station 

15 moves in the vicinity of a boundary between 

communications areas, each of which is controlled by 
a different base station controller, the occurrence 
frequency of hard hand-offs can be suppressed. As a 
result, a user is not disconcerted by instantaneous 

20 disconnection due to a hand-off. 

As described with reference to Fig. 5, in this 
embodiment, the base station device 33 provided in the 
boundary cell 43 is connected to ( accommodated in ) both 
the base station controllers 21 and 22 by two 

25 independent physical transmission lines. Then, 
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information to be exchanged between the base station 
device 33 andbase station controller 21 and information 
to be exchanged between the base station device 33 and 
base station controller 22 are transmitted through 
respective independently-provided physical 

transmission lines. 

However, the mobile communications system of the 
embodiment is not limited to this configuration. 
Specifically, a base station contro 1 ler does not always 
need to accommodate a base station device provided in 
a boundary cell through a physical transmission line. 
As shown in Fig. 12, the base station controller of 
the base station can also accommodate the base station 
device through a logical path (virtual path) . In Fig. 
12, physical paths and virtual paths are expressed by 
solid lines and broken lines, respectively. 

In the example shown in Fig. 12, a base station 
device 33 provided in a boundary cell 43 is accommodated 
in a base station controller 22 through a physical 
transmission line, and is also accommodated in a base 
station controller 21 through logical paths 
established in a transmission line for connecting the 
base station device 33 and base station controller 22, 
a transmission line for connecting the base station 
controller 22 and a mobile services switching center 
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51 and a transmission line for connecting the mobile 
services switching center 51 and base station 
controller 21. Specifically, the logical paths are 
established in such a way that the communications 
5 conducted by the base station device 33 using a 

frequency RF#1 can be controlled by the base station 
controller 21. 

With this system configuration, the number of 
physical transmission lines required to connect a base 

10 station device provided in a boundary cell and a base 

station controller can be reduced, and the cost for 
establishing a mobile communications system can be 
reduced accordingly. If base station controllers are 
directly connected to each other by a physical 

15 transmission line or a radio path without through 

switching center, the transmission line and the like 
can also be used. 

Fig. 13 shows the configuration of a base station 
device provided in a boundary cell. In this example, 

20 a base station device and a plurality of base station 

controllers are connected by a plurality of independent 
physical transmission lines. 

Abase station device 33 is comprisedof awireless 
unit 61 and a wire unit 63. The wireless unit 61 

25 transmits/receives radio data to/ from mobile stations. 



RFunits 62a, 62b, . . . , are provided for each frequency 
allocated to a boundary cell 43 . Signals from the base 
station device to a mobile station are outputted from 
the RF units 62a, 62b, . . . , for each frequency, are 
5 multiplexed and are transmitted from an antenna. 

Signals from a mobile station to the base station device 
33 are demultiplexed for each frequency and are 
distributed to corresponding RF units. 

The wire unit 63 transmits/ receives data to/from 

10 a base station controller. The line units 64a, 

6 4b, . . . , are provided for the RF units 62a, 62b, . . . , 
and terminate respective lines (physical transmission 
lines) for connecting the base station device and the 
plurality of base station controllers . A control unit 

15 65 controls the operation of a base station device. 

In Fig. 13, it is assumed that the RF unit 62a 
is provided for a frequency RF#1. In this case, data 
transmitted from a mobile station using the frequency 
RF#1 are received by the RF unit 62a and are transmitted 

20 to a base station controller BSC#1 through the line 

unit 64a. Data transmitted from the base station 
controller BSC#1 are transmitted to a mobile station 
using the frequency RF#1 in the boundary cell 43 through 
the line unit 64a and RF unit 62a. 

25 Fig. 14 shows another configuration of a base 
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station device provided in a boundary cell. This base 
station device is provided in a boundary cell in the 
mobile communications system shown in Fig. 12. 

In the system shown in Fig. 12, the base station 
5 device 33 provided in a boundary cell is connected only 

to a base station controller 22 by a physical 
transmission line . Therefore, data transmitted from 
the base station device 3 3 to a plurality of base station 
controllers are multiplexed by a multiplex 

10 /demultiplex unit 66 and are outputted to the 

transmission line. Data from the plurality of base 
station controllers to the base station device 33 are 
multiplexed and are transmitted through the 
transmission line . The multiplex/demultiplex unit 66 

15 demultiplexes the multiplexed data and distributes 

demultiplexed data to corresponding line units 64a, 
64b, .... The operations of the RF units 62a, 62b, . . . , 
and line units 64a, 64b, . . . , are basically the same 
as those described with reference to Fig. 13. 

20 Fig. 15 shows the configuration and operation 

of a base station controller for accommodating base 
station devices provided in a boundary cell. Here, 
a base station controller provided in the mobile 
communications system in Fig. 12 is described. 

25 The base station controller 21 is connected to 
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the base station device 31, and the base station 
controller 22 is connected to the base station devices 
32 and 33. However, in this mobile communications 
system, logical paths are established in such a way 
5 that communications conducted by the base station 

device 33 using the frequency RF#1 can be controlled 
by the base station controller 21 

A BTS interface unit 71 terminates transmission 
lines for connecting a base station controller and the 
10 corresponding base station devices. A control unit 

72 controls this base station controller. A BTS 
control unit 73 controls corresponding base stations 
with reference to a base station management table 74. 
The base station management table 74 registers 
15 information about all base station devices 

accommodated in this base station controller. The 
information for the base station devices is registered 
and managed for each frequency allocated to each cell. 
This base station management table 74 also registers 
20 information for identifying a base station controller 

that controls communications with base station devices 
provided in a boundary cell for each frequency. For 
example, thebase station management table 74 registers 
information indicating that "communications conducted 
25 by the base station device 33 using a frequency RF#1 
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is controlled by the base station controller 21" and 
information indicating that "communications conducted 
by the base station device 33 using a frequency RF#2 
is controlled by the base station controller 22". An 
MSC interface unit 75, which is connected to the BTS 
interface unit 71, terminates transmission lines for 
connecting this base station controller and mobile 
services switching center 51. 

In this system, information transmitted from the 
base station device 32 is received by the base station 
controller 22 and is processed by the base station 
controller 22 itself. On receipt of information 
transmitted from the base station device 33, the BTS 
interface unit 71 judges whether the received 
information will be accepted or will be transferred 
to the mobile services switching center 51, based on 
information registered in the base station management 
table 74. In this embodiment, when the BTS interface 
unit 71 receives information from the base station 
device 33, it accepts information relating to 
communications conducted using the frequency RF#2 but 
transfers information relating to communications 
conducted using the frequency RF#1 to the mobile 
services switching center 51. On receipt of 
information transmitted from a base station controller, 
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the mobile services switching center 51 transfers the 
information to a corresponding base station controller 
according to the address attached to the information. 

In the above embodiment, as shown in Fig. 5, two 
5 frequencies ( RF# 1 and RF#2 ) are allocated to each cell , 

however the mobile communications system of the present 
invention is not limited to this configuration. 
Specifically, for example, as shown in Fig. 16, in the 
mobile communications system of the present invention, 

10 a different frequency is allocated to each of adjacent 

cell groups, and all the frequencies are allocated to 
a boundary cell located on a boundary between those 
cell groups. In the example shown in Fig. 16, a 
frequency RF#1 is allocated to a cell group #1 including 

15 general cells 101a and 101b, and a frequency RF#2 is 

allocated to a cell group #2 including general cells 
102a and 102b. Then, both the frequencies RF#1 and 
RF#2 are allocated to a boundary cell 103 located in 
a boundary area between the cell groups #1 and #2. 

20 A hand-off operation in the mobile 

communications system with the configuration 
described above basically follows the flowchart shown 
in Fig. 6. Therefore, when a mobile station moves from 
a general cell to a boundary cell in this system, a 

25 soft hand-off is always performed. For example, when 
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a mobile station moves from the general cell 101a to 
the boundary cell 103, the mobile station uses in the 
boundary cell 103 the same frequency as that used in 
the general cell 101a. In this case, since a mobile 
station have used the frequency RF#1 in the general 
cell 101a, the mobile station uses the frequency RF#1 
in the boundary cell 103 too. Here, the base station 
controller 21 controls communications using the 
frequency RF#1 in the boundary cell 103. Therefore, 
in this case, a soft hand-off is performed. 

If a mobile station moves from a boundary cell 
to a general cell, whether a hard hand-off occurs or 
a soft hand-off is performed depends on a frequency 
used in the boundary cell by the mobile station. 

For example, when a mobile station using a 
frequency RF#1 in the boundary cell 103 moves to the 
general cell 101a, frequencies used by the mobile 
station before and after the hand-off are the same, 
and the communications conducted before and after the 
hand-off is controlled by the base station controller 
21. Therefore, in this case, a soft hand-off is 
performed. However, when a mobile station using a 
frequency RF#2 in the boundary cell 103 moves to the 
general cell 101a, respective frequencies used by the 
mobile station before and after a hand-off are different 
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In addition, the base station controller 22 performs 
control of communications conducted before the 
hand-off, while the base station controller 21 performs 
control of communications conducted after the hand-off . 
Therefore, in this case, communications between a 
mobile station and a base station device are temporarily 
disconnected. In other words, in this case, a hard 
hand-off occurs. 

If a mobile station moves from the general cell 
102a to the boundary cell 103, the same operations are 
performed . 

Similarly, in the system shown in Fig . 16, amobile 
station moves to and from a boundary area, the 
occurrence frequency of hard hand-offs can also be 
reduced. In addition, in the system shown in Fig. 16, 
one frequency is allocated to each general cell, the 
configurations of a base station device and a base 
station controller can be simplified. Furthermore, 
every time a mobile station moves from a general cell 
to a boundary cell, a soft hand-off is performed. 
Therefore, the occurrence of hard hand-offs can be 
further reduced. 

Although in the embodiments described above, 
two communications areas controlled by corresponding 
base station controller are assumed to be adjacent, 
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the present invention is also applicable to a system 
that three or more communications areas are adjacent 
to one another, as shown in Fig. 17. In this case, 
three or more frequencies can be allocated to each cell. 
Alternatively, different frequencies are allocated to 
adjacent communications areas and all of the different 
frequencies are allocated to a boundary cell adjacent 
to the communications areas. In the example shown in 
Fig. 17, a cell controlled by BTS#4 is adjacent to three 
cells (cells controlled by BTS#1-BTS#3, respectively). 
In the cells respectively controlled by BTS#1-BTS#3, 
frequencies RF#1-RF#3 are used, respectively, and in 
a cell controlled by BTS#4, those three frequencies 
(RF#1-RF#3) are used. 

In the above embodiment, as shown in Fig. 1, a 
base station device provided in a corresponding cell 
is accommodated by a base station controller, and the 
base station controller is accommodated by a mobile 
services switching center. However, the present 
invention is not limited to this configuration. For 
example, the present invention can be applied to a 
system in which a base station device provided in a 
corresponding cell is directly connected to a mobile 
services switching center . Specifically, thepresent 
invention can be applied to a mobile communications 
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system in which a base station device is accommodated 
in a controller (including a base station controller 
and a mobile services switching center) that belongs 
to a higher layer above the base station device. 

Although the present invention is suitable for 
a CDMA communications system, the present invention 
is also useful for other communications systems (for 
example, TDM) . 

As described above, according to the present 
invention, when amobile stationmoves across aboundary 
between communications areas, the occurrence 
frequency of hard hand-of f s can be reduced. Therefore, 
communications are seldom temporarily disconnected 
due to a hand-off, and, accordingly, a user is rarely 
disconcerted . 

The present invention can be used in a mobile 
communications system, such as a CDMA communications 
system and the like. 



